Two key factors are important in improving survival rates of lung cancer: Early detection of peripheral pulmonary lesions (PPLs) and histopathologic diagnosis of biopsy samples of the lesions. Diagnostic procedures for highly prevalent lung cancer are crucial to its early detection, which can have a major benefit for patient survival. According to the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute of the USA report, the 5-year-survival rate in patients with early stages of lung cancer is 31%--45% compared with only 1%--5% for later stages.\[[@ref1]\] Histopathologic examination of a biopsy sample is also necessary for directing the choice of treatment. Because many of the patients are older and may be debilitated, less-invasive procedures than surgical biopsy are preferred.

Transchronial biopsy (TBB) has been used extensively to localize the lung lesions.\[[@ref2]\] Before computer tomography (CT), TBB was typically guided by fluoroscopy. A brush or forceps inserted through the bronchoscope is used to obtain a biopsy sample. The procedure has few complications and is less invasive than transdermal biopsy or surgery, but has lower diagnostic yields.\[[@ref2]\] Diagnostic yield is affected by patient movement and locating the lesion in the three-dimensional lung space using fluoroscopy, which gives a two-dimensional image, can be difficult. Published diagnostic yields of TBB for PPLs that are \<2 cm in diameter vary from 5% to 75%.\[[@ref3]\]

The addition of endobronchial ultrasonography (EBUS) to TBB has shown promise in improving the diagnostic yield of PPLs.\[[@ref4]\] EBUS enables clear visualization of a lesion surrounding or adjacent to a bronchus, which simplifies the biopsy procedure. In addition to being more likely to yield a diagnosis, EBUS also enables the lesion to be found and sampled more quickly particularly for PPLs \<30 mm, reducing the time that patients and staff are exposed to fluoroscopy radiation, especially evident for PPLs smaller than 30 mm.\[[@ref5]\] The use of a sheath to guide the flexible bronchoscope probe is a further refinement to the procedure, and has improved the rate and decreased the time of peripheral lung cancer diagnosis.\[[@ref6][@ref7]\]

A limited number of studies have compared the effectiveness of EBUS and traditional fluoroscopic methodology in diagnosing PPLs. The purpose of this meta-analysis was to compare the diagnostic yields of EBUS plus fluoroscopically-guided TBB (defined as EBUS + TBB group) with that of fluoroscopically-guided TBB without EBUS (defined as TBB group) for PPLs obtained via brushes or transbronchial forceps in patients referred for diagnostic bronchoscopy. In this report, a PPL is defined as a pulmonary lesion surrounded by lung parenchyma and not endoscopically visible by bronchoscopy (\<30 mm in diameter). The primary outcome was the diagnostic yield for PPLs.

Methods {#sec1-1}
=======

Search strategy {#sec2-1}
---------------

Medline, the Cochrane Library, PubMed, and Google Scholar were searched from inception through 31 March 2016 using the following key words: Lung neoplasm, pulmonary lesions, diagnosis, endobronchial ultrasound, fluoroscopy, and fluoroscopic. Reference lists of relevant studies were hand-searched to identify other potentially pertinent studies not identified in the database search.

Eligibility criteria {#sec2-2}
--------------------

Studies were included if they were randomized clinical trials, two-arm prospective studies, or retrospective studies. In included studies, patients had CT-scan evidence of PPLs referred for diagnostic bronchoscopy or had received radial EBUS-guided bronchoscopy with or without a guide sheath (GS), and with or without fluoroscopic guidance. Studies were excluded if they were cohort studies, letters, comments, editorials, case reports, meeting proceedings, or personal communications; if they had no quantitative primary outcome, or if the patients had centrally-located pulmonary lesions.

Study selection and data extraction {#sec2-3}
-----------------------------------

Two independent reviewers identified the studies to be included and where there was uncertainty regarding eligibility, a third reviewer was consulted.

Information and data extracted from the studies that met the inclusion criteria included the name of the first author, year of publication, study design, number of participants in each group, participants\' age and gender, and outcomes of interest.

Quality assessment {#sec2-4}
------------------

The selected studies were observational. Therefore, we used the Newcastle--Ottawa scale (NOS) for cohort studies to assess the quality of the data.\[[@ref8]\] The NOS is a validated tool to evaluate the quality of nonrandomized studies in three broad areas: Enrollment criteria, comparability of study groups, and the assessment of outcomes. The quality of each study was scored on the basis the areas mentioned above, with four of the nine total points indicating the quality of the patient selection; two points indicating the quality of between-group comparability, and three points for the quality of the outcome assessment. A score of nine indicates the highest quality, a score of 0, the lowest. Two independent reviewers utilized the NOS list to assess the quality of the included studies.

Statistical analysis {#sec2-5}
--------------------

The primary outcome is the diagnostic yield of PPLs using EBUS + TBB or using TBB only. Odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to compare EBUS + TBB to TBB quantitatively. An OR \>1 indicated that the EBUS + TBB method was favored, whereas an OR \<1 implied that TBB was favored. Heterogeneity was assessed using the Cochran Q test and the indicator I^2^. If the *P* value of Cochran is \<0.1 or I^2^ is \>50%, an obvious heterogeneity between studies exists, and a random-effects model (DerSimonian-Laird method) was used. Otherwise, the fixed-effects model was used (Mantel-Haenszel method). Studies including data on dichotomous size of PPLs (i.e., cut-off between small and large size, 20 or 30 mm depending on the study) were grouped for subgroup analysis, and the same computations of ORs as well as 95% CIs were performed for each group. Sensitivity analysis was performed based on the leave-one-out approach. A two-tailed *P* \< 0.05 was considered statistically significant. The meta-analysis for PPL evaluation was conducted using the Comprehensive Meta-analysis software, version 2.0 (Biostat, Englewood, NJ, USA).

Results {#sec1-2}
=======

Literature search {#sec2-6}
-----------------

As shown in [Figure 1](#F1){ref-type="fig"}, our search found 44 full-text articles that were assessed for eligibility. Of these, 22 were excluded because they were single-arm studies, eleven because they used a different comparator groups, 3 due to not reporting outcomes of interest, two were not relevant to the study, and two were a duplicate. Four studies were included in the qualitative review and three in our quantitative meta-analysis.

![Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram](ATM-12-114-g001){#F1}

Study characteristics {#sec2-7}
---------------------

Characteristics of the four studies are summarized in [Table 1](#T1){ref-type="table"}. Four hundred and sixty-one patients were included, with a range of 42--95 patients the TBB group and a range of 50--65 patients in the EBUS + TBB group. Diagnostic yield rates ranged from 46.7% to 69.5% in the TBB group and from 64.6% to 82.5% in the EBUS + TBB group (*P* \< 0.001).

###### 

Summary of characteristics and outcomes of selected studies for meta-analysis

![](ATM-12-114-g002)

Rate of diagnostic yield {#sec2-8}
------------------------

Three studies were included in the meta-analysis for diagnostic yield.\[[@ref9][@ref10][@ref11]\] Shirakawa *et al*., 2004 was not included as the study did not report diagnostic yield. A fixed-effect model was used as the no heterogeneity was observed across the data (Q statistic of fixed-effect model = 1.738; I^2^ = 0%; *P* = 0.419). The pooled analysis indicated that the EBUS + TBB was more favored with respect to diagnostic yield than the TBB group (OR = 2.183, 95% CI = 1.368--3.485, *P* = 0.001) \[[Figure 2a](#F2){ref-type="fig"}\]. The advantage of EBUS + TBB compared with TBB alone was even more evident in subgroup analysis that evaluated the diagnostic yield of "small" PPLs (i.e., \<20 mm) (OR = 5.045, 95% CI = 2.063--12.337, *P* \< 0.001) \[[Figure 2b](#F2){ref-type="fig"}\]. The odds of achieving a greater diagnostic yield with EBUS + TBB was also apparent in the subgroup analysis of "large" PPLs (i.e., ≥20 mm); although, this did not reach statistical significance (OR = 1.750, 95% CI = 0.960--3.192, *P* = 0.068) \[[Figure 2c](#F2){ref-type="fig"}\].

![Forest plot of the diagnostic yield using endobronchial ultrasound plus fluoroscopy-guided bronchoscopy compared with fluoroscopy guidance only on peripheral pulmonary lesions based on including (a) all peripheral pulmonary lesions, (b) only small size peripheral pulmonary lesions, and (c) only large size peripheral pulmonary lesions. CI = confidence interval; EBUS + F = endobronchial ultrasound plus fluoroscopy, F = fluoroscopy only](ATM-12-114-g003){#F2}

Sensitivity analysis {#sec2-9}
--------------------

The results of the sensitivity analysis in which the studies were omitted one at a time indicated that removal of any one study did not significantly change the direction or magnitude of the pooled ORs for the overall data \[[Figure 3a](#F3){ref-type="fig"}\] or for the subgroup analysis which evaluated diagnostic yield by size of PPL \[Figure [3b](#F3){ref-type="fig"} and [c](#F3){ref-type="fig"}\].

![Results of sensitivity analysis to examine the influence of individual studies on pooled estimates as determined using the leave-one-out approach for (a) all studies included, (b) studies including small size peripheral pulmonary lesions, and (c) studies including large size peripheral pulmonary lesions. CI = confidence interval; EBUS + F = endobronchial ultrasound plus fluoroscopy; F = fluoroscopy only](ATM-12-114-g004){#F3}

Quality assessment {#sec2-10}
------------------

[Table 1](#T1){ref-type="table"} shows the quality score (range 0--9; higher scores indicate better quality) for the four studies included in the analysis. Across the studies, the scores ranged from;\[[@ref7][@ref8][@ref9]\] therefore the studies are of adequate quality. Only one study Shirakawa *et al*.,\[[@ref6]\] did not score on the comparability section due to the lack of adjusted variable controls.

Discussion {#sec1-3}
==========

PPLs are difficult to evaluate using bronchial biopsies due to limited access. Conventional methods for diagnosing PPLs use fluoroscopy as guidance during TBB. However, the method is hindered by shifting of the marked location during the biopsy procedure. Some studies suggest that the addition of EBUS to TBB may improve biopsy results. The purpose of this study was to compare the effectiveness of EBUS + TBB to TBB alone in diagnosing PPLs. Four studies were included in the analysis. The results showed that fluoroscopy combined with EBUS had a higher diagnostic yield in PPL biopsies compared with TBB. Subgroup analysis indicated that the increased yield is particularly apparent when lesions were small (\<30 mm in diameter). These findings suggest that EBUS + TBB improves diagnostic yield for PPL biopsies overall, and especially smaller lesions. This is of clinical importance as smaller PPLs are difficult to locate with fluoroscopy. The ability to collect biopsy samples of smaller lesions that yield a histopathology diagnosis allows earlier treatment and increases the probability of survival. It also reduces the number of patients who need a second procedure to obtain a suitable biopsy sample.

Two of the four included studies reported complication rate/adverse events. The study of Ishida *et al*. reported one patient in each group with pneumothorax, and the study of Sánchez-Font *et al*. reported nine patients with minor bleeding; however, they did not specify the incidence of bleeding per treatment arm. Although the data are limited, these findings suggest that EBUS + TBB are well tolerated. The four studies did not describe the type of anesthesia used. It is possible that the choice of anesthesia could impact complication rate and length of time required for the procedure.

Our findings suggest that adding EBUS to TBB increases diagnostic yield of PPLs. Prior studies have indicated the importance of probe position with respect to diagnostic yield and that PPL size can influence diagnostic yield.\[[@ref12]\] Chen *et al*.\[[@ref12]\] summarized their 5-year experience for diagnosis of PPLs. Using EBUS as the only guide, they found the nodule in 446 of 467 (96%) of cases. When the radial probe position was within the target lesion, the diagnostic yield was 84% compared with 48% when the probe was positioned adjacent to the lesion. Overall, they obtained a diagnostic biopsy sample in 321 of 467 (69%) patients. Their diagnostic yield was related to the size of the PPL, ranging from 58% for nodules 1--2 cm in diameter to 88% for nodules larger than 5.1 cm.

In addition to being more likely to yield a diagnosis, especially with smaller lesions, adding EBUS to TBB enables the lesion to be found and sampled more quickly, reducing the time that patients and staff are exposed to fluoroscopy radiation.\[[@ref7]\] Adding a sheath to guide the flexible bronchoscope probe is a further refinement to the procedure that improves the diagnostic yield and reduced the time even further.\[[@ref7][@ref12]\] Shinagawa *et al*. found that adding a GS also improved the diagnostic yield for nonmalignant lesions.\[[@ref13]\] We did not evaluate the relative time for EBUS + TBB and TBB as the included studies did not evaluate this outcome.

This meta-analysis of four recent studies (2012--2014) updates and supports previous meta-analyses which evaluated EBUS in diagnosis of PPLs.\[[@ref14][@ref15]\] Wang Memoli *et al*., (2012) assessed a wide variety of approaches for locating and obtaining a PPL biopsy samples. Thirty-nine studies were included with a total of 3052 lesions. The pooled diagnostic yield for EBUS with or without GS was 73.2% (95% CI = 64.4%--81.9%) and 71.1% (95% CI = 66.5%--75.7%), respectively. The pooled data also showed that the yield depended on the size of the lesion, in agreement with the report by Ostendorf *et al*.\[[@ref16]\] The diagnostic yield was significantly higher in lesions \>20 mm in size (82.5%; 95% CI = 78.6%--86.4%) than for lesions ≤20 mm (60.9%; 95% CI = 54%--67.7%).\[[@ref15]\]

The meta-analysis of Steinfort *et al*.\[[@ref14]\] included 16 studies with 1420 patients that underwent EBUS (with or without fluoroscopy) for the diagnosis of PPLs. The pooled sensitivity was 73% (95% CI = 70%--76%). Similar to Wang Memoli *et al*., Steinfort *et al*. found diagnostic yield depended on the size of the lesions, with lesions \>20 mm in size being associated with greater diagnostic yield (77.7%; 95% CI = 73%--82%) than lesions ≤20 mm in size (56.3%; 95% CI = 51%--61%).

A variety of methods for locating PPLs and obtaining biopsy samples using EBUS are have been evaluated since the addition of EBUS to TBB was first described by Kikuchi *et al*.\[[@ref17]\] and Kurimoto *et al*.\[[@ref7]\] Several groups have reported using EBUS without fluoroscopic support, with an average diagnostic yield of 64.1%,\[[@ref3][@ref18][@ref19][@ref20][@ref21]\] whereas others have reported using EBUS with fluoroscopy guidance.\[[@ref2]\] The combination of EBUS with virtual bronchoscopic navigation has been reported to be between 63.3% and 84.4%.\[[@ref22]\] The presence of the bronchus sign on CT, that is, a bronchus containing air adjacent to the PPL, helps guide the bronchoscope to the lesion and increases the diagnostic yield.\[[@ref23]\] Another refinement in place of the GS is to measure the distance from the opening of the bronchus to the lesion as a guide for inserting the biopsy forceps.\[[@ref24]\]

Factors in addition to lesion size that affect diagnostic yield include location of the lesions (improved diagnostic yield is associated with lesions close to the hilum), visualization on fluoroscopy, malignant versus benign disease, and combination of diagnostic tools.\[[@ref19][@ref25][@ref26][@ref27][@ref28]\] Although, the diagnostic yield for guided bronchoscopic techniques is lower than that reported for transthoracic needle aspiration, bronchoscopic techniques are associated with significantly fewer adverse event.\[[@ref16]\] Most studies have evaluated the use of EBUS in solid lung masses, less is known regarding its performance in subsolid lesions and pure ground glass opacities.\[[@ref2]\]

Ost *et al*. measured and identified factors that impact diagnostic yield for bronchoscopy in patients with PPLs.\[[@ref29]\] They included data from patients with EBUS, electromagnetic navigation, and peripheral transbronchial needle aspiration and concluded that the diagnostic yield of EBUS and electromagnetic navigation are overestimated in comparison to peripheral transbronchial needle aspiration for the diagnosis of PPLs. The findings of Ost *et al*., are in contradiction to other studies that indicate that diagnostic yield increases with better image-assisted technology. Additional studies are necessary to further evaluate the capabilities of the different methodologies.

A number of advanced bronchoscopic modalities are currently available, in addition to EBUS and TBB, for diagnosing PPLs including image-guided percutaneous needle biopsy, electromagnetic navigational bronchoscopy, virtual navigational bronchoscopy, thin and ultrathin bronchoscopy, and bronschoscopic transparenchymal nodule access.\[[@ref2]\] The pooled diagnostic yield and sensitivity of electromagnetic navigational bronchoscopy has been reported to be 65% and 71%, respectively.\[[@ref30]\]

A limitation of our analysis is the small sample size, in part reflecting that fact only studies with ≥2 arms were included. Hence, the current study may potentially be over-estimating the effect of EBUS + TBB in diagnosing PPLs. Further large scale studies are warranted to provide better evidentiary support, and perhaps establish protocols for biopsy PPLs of smaller sizes. Only three of the four studies were included in the quantitative analysis due to the lack of reported data for diagnostic yield in one study (i.e., Shirakawa *et al*., 2004). We did not exclude this study as it provided some insight with respect to diagnostic yield in studies performed over a decade ago. In addition, definition of small and large lesions varied across studies, which may have confounded our findings. For example, Sánchez-Font *et al*. used \<30 mm as the cut-off, and Boonsarngsuk *et al*. and Ishida *et al*. used \<20 mm cut-off. Due to limited number of studies included in our analysis, we were unable to perform subgroup analysis for the diagnostic yield of EBUS with or without guided sheath. Several single arm studies suggest EBUS with a GS can further increase the rate of diagnostic yield. However, no trials have directly compared the use of EBUS plus guided sheath, EBUS, and fluoroscopy. It would be of clinical interest to perform another meta-analysis to evaluate such biopsy methods so as to gain insight into the optimum choice of technology for bronchoscopy for PPLs. Other technologies such as electromagnetic navigation and virtual guidance system, based on reconstructed CT images, to guide the bronchoscope to the target lesion should also be compared.

The results of this study provide strong evidence that there is clinical benefit in using EBUS + TBB, as the combined approach had higher diagnostic yield compared with TBB alone. This is of important for diagnosis of both malignant and benign pulmonary lesions since accurate diagnosis allows for early treatment intervention and may reduce the need for a patient to undergo a second biopsy. The use of EBUS + TBB is more accurate and may reduce the time a patient is exposed to radiation caused by conventional fluoroscopy. In addition, EBUS is noninvasive, and the use of a guided sheet may increase the accuracy of locating the lesion. Finally, the studies included in this analysis are recent (2012--2014) suggesting the methods evaluated are current.

Conclusion {#sec1-4}
==========

Overall EBUS + TBB has higher diagnostic yield in bronchial biopsies for PPLs compared with conventional fluoroscopy and is the improvement in diagnostic yield is particularly great for small lesions under 30 mm. With the continuing development of new technologies, future studies are required to further investigate the optimum choice of biopsy equipment for PPL biopsy.
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